The potential health effects of environmental lead on children are often the focus of risk assessment and site remediation proposals, and adults are assumed to be protected by the standards developed for children because of their lower susceptibility to health effects associated with lead. However, adults may be exposed to lead in industrial settings where children are not a population of concern. Recent work (1, 2) has resulted in the development of models designed to predict blood lead (PbB) levels levels in adults arising from environmental and other exposures to lead. Such models can be used to assess the impact of soil lead concentrations on adult PbB levels, and in turn, can be used to calculate acceptable soil lead concentrations for industrial sites.
The U.S. Environmental Protection Agency (U.S. EPA) has recently focused on the adult lead model developed by Bowers et al. (2) and is recommending its use for the calculation of industrial site soil lead cleanup levels based on assumptions concerning adult exposure to lead (3) . Acceptable soil lead concentrations are based on a requirement that a percentage of adults have PbB levels below a specified target PbB level. The U.S. EPA has chosen to focus on protection of pregnant women in the workplace and their unborn children and has therefore specified that exposure must be limited to ensure that the fetus has a 95% probability of having a PbB level below 10 [1] where PbBbaseline = baseline blood lead level attributable to non-site exposures (pg/dl); BSF= biokinetic slope factor (pg/dl blood lead per mg/day lead uptake); C= concentration of lead in soil (pg/g); I= soil ingestion rate (g/day); A= fraction of lead in soil that is absorbed (dimensionless); FS= fraction of ingested soil that is from the contaminated site; EF= exposure frequency, equal to the number of days per year during which an individual is exposed to site soil (days/year); K= conversion constant (years/day) or 1/365.
The term in the parentheses on the right side of Equation 1 is the increment to PbB levels that is attributable to exposure to site soil.
The U.S. EPA has selected a target to protect the fetus such that no more than 5% of fetuses have PbB levels exceeding 10 pg/dl (PbBtarget) (3) . To achieve this target, PbBadult must satisfy the relationship PbBtarget= PbBadult X Rfeta#adultX GSD1I645 [2] where Rfteal/adult= ratio of fetal PbB levels to maternal PbB levels (dimensionless). The largest study of its kind to date (12) found that PbB levels did not increase among lead-exposed women during pregnancy. This empirical finding indicates that no special adjustment to the absorption parameter is necessary to account for pregnancy-related phenomena. We will therefore assume that among pregnant women, 8% of soluble lead is absorbed.
Fasting has an effect on lead absorption, with absorption increasing as a function of hours between meal times (13) . However, a time-averaged absorption value of 8% is not implausible. James et al. (13) 
Description of the O'Flaherty Model
The O'Flaherty model has been described elsewhere in detail (1) but is briefly summarized here. The model is a complex multicompartment pharmacokinetic model that calculates PbB levels for an individual as a function of time from birth until any selected adult age, thus reflecting an integrated lifetime exposure to lead. The model accommodates multiple pathway exposure scenarios, including lead intake through diet, water ingestion, inhalation, and soil and dust ingestion for children. We have modified a version of the model to include a soil and dust ingestion pathway for adults in order to perform the comparisons described below. Several standard assumptions concerning typical lead exposures for the U.S. population over the past few decades are built into the model. Alternative exposure scenarios, including short-term exposures and non-steady-state exposures, can also be modeled. The model has been extensively validated by comparing predicted PbB levels with data from several adult exposure studies, with excellent results (1 pg/g, C= 500 pg/g, C= 2500 pg/g, and C= 10,000 pg/g.
I: both models assume the daily soil ingestion rate is 0.02 g/day.
A: both models assume that for adults, 8% of ingested soluble lead is absorbed into the body's circulatory system. Both models assume that 60% of lead in soil is soluble. Hence, absolute absorption of lead in soil is 4.8% (60 x 8%).
FS: both models assume that 50% of ingested soil is from the contaminated site.
EF: both models assume that subjects are exposed to site-affected soil 250 days per year.
For 
pg/dl).
Note that one factor complicating comparison of these models is that the O'Flaherty model predicts that because of lead excretion the baseline PbB level will decrease with age for an adult not exposed to lead in soil. That is, excretion of lead outweighs the effect of ongoing background level exposures. The O'Flaherty model also predicts that the effect of excretion outweighs the effect of exposure to the sum of background lead concentrations and exposure to soil containing low concentrations of lead. As the results in Table 2 indicate, for the specified exposure conditions, it is not until the concentration of lead in soil reaches 10,000 pg/g that lead uptake outweighs excretion; as a result, PbB levels increase with age. Actually, for the parameters specified, PbB levels increase with age for some level of lead in soil between 2500 and 10,000 pg/g. The exact break-even point could be identified by conducting additional simulations. Table 3 offers an alternative way to view these predictions. Here, each cell is the difference between the predicted value in the corresponding cell in Table 2 Table 4 to the values in Table 2 indicates that in all cases both models now predict substantially higher PbB levels. The results in PbB levels predicted by the O'Flaherty model have been compared to the results reported by a number of controlled exposure studies and to the results from several epidemiologic studies (1) . None of these studies included exposure to adults through the ingestion of soil. However, accurate prediction of PbB levels reflecting exposure to lead in water and food depends on the assumed fraction of soluble lead absorbed into the body's circulatory system. O'Flaherty assumed that 8% of soluble lead is absorbed, and the excellent comparisons reported in her paper between predicted and observed PbB levels strongly support the assumption that 8% is a reasonable average absorption value for adults over a chronic time (14) (15) (16) (17) . Table 5 lists average PbB levels for pregnant women, nursing women, and other adults in the four Superfund communities. Table 6 details soil lead concentrations, dust lead concentrations, and bioaccessibility values. Column 5 of Table 6 is the average bioaccessible soil and dust lead concentration for each community. This parameter is the average of the lead concentration in dust and the lead concentration in soil multiplied by a bioaccessibility factor for that community that represents the fraction of lead in those media that are soluble and hence bioaccessible in the human gastrointestinal tract. Default bioaccessibility values are assumed for Leadville and Granite City; bioavailability for Butte and Midvale are based on information available in the risk assessments performed for children at these sites (18, 19) . (17) 1.6 (14) Not available 3.6 (123) multiplied by the bioaccessibility value (column 4). Observed relationship between PbB levels and environmental lead concentrations for Butte, Montana; Midvale, Utah; Granite City, Illinois; and Leadville, Colorado. The average bioaccessible soil and dust lead concentration values correspond to those given in Table 6 , which are the average of the measured soil and dust lead concentrations multiplied by a site-specific bioaccessibility factor. * and ----correspond to pregnant women; . and ----refer to nursing women, and A and represent other adults. Figure 1 shows the PbB level averages in Table 5 plotted against the average bioaccessible soil and dust lead concentration in the far right column of Table 6 for each demographic group (pregnant women, nursing women, and other adults). Figure 1 also shows the best fit (ordinary least squares) regression line for each of these data sets. The slope of the regression line corresponding to each demographic group can be interpreted as the incremental impact of bioaccessible lead in dust and soil on PbB levels. Table 7 (6 x 10 -4 and 9 x 10 -4).
Because validation of the O'Flaherty model indicates that 8% is a reasonable value for the absorption parameter, the product of the ingestion rate and the BSF should be between 7.5 x 0-3 (6 x 10 -4 0.08) and 1.12x 1 o-2 (9 x 10-4 -0.08). The product of the Table 8 . There is a wide disparity in the calculated cleanup levels shown in Table 9 PbBbasel,ne(baseline PbB level) R(ratio of fetal to maternal blood lead)
